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Abstract Methods and Materials

This project develops an experimental
setup to detect positronium (Ps) decay,
a system formed by an electron and a
positron. Photons from the decay are
measured with the Nossa Caixa
spectrometer, and a magnetic field is
used to manipulate Ps states. A CP
symmetry breaking will be probed via
iInversion of the decay plCI ne normal and Due to rotational invariance the angular distribution of the decay photons must be
Of The Ps mdgneTiC SUbSTCITe pOpUlCITiOnS proportional to products of the k. momenta and the initial o-Ps spin.
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[1] [2]' Positronium Energy Levels under Magnetic Field
(B=0.6 T =1~ 15 ns, spectral asymmetry observable)
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Introduction

Positronium (Ps) is a bound state of an

electron and a positron, constitutes a y
purely leptonic atomic system, providing <

a environment for probing CP symmetry o
violation within the lepton sector [3]. Its g
nature excludes interference from strong
Interactions, thereby allowing tests of CP
symmetry In leptonic interactions .
In the ground state, positronium has two
configurations:
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anTiparaIIeI spins (S =0, mS = 0), temporal resolution of a few nanoseconds.
decqys inTO two pholllons WiTh a Energy Limits for Different Angles

half-life of 125 x 10" s, and is known c Ob"'d i ned Dq'l'a

as para-positronium (p-Ps). 2 c
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spins (S =1, m_= -1, 0, 1), decays info

three photons, with a half-life of 142 x |
10° s, and is known as 200
ortho-positronium (o-Ps). |

[Mixing - 7~15 ns]

B=0.6T

Mixing region
(avoided crossing)

Spectral asymmetry
(need better S/N)

The Nossa Caixa spectrometer device consists of two orthogonal
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Conservation of momentum and energy The C_, is the amplitude of CP violation and P, is

results in an asymmetric distribution of
photon energies, which decay with zero
total linear momentum and a total
energy of 1,022 MeV.

the polarization tensor of the system. Any CP
violation in positronium would lead to a
non-zero angular correlation.

Under a magnetic field (B), mixing of the o ~ ~ -
m_ = 0 states occurs, changing the () = CCP (S ' kl) (S k1 X kQ)
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m_= =0 states, while the m_= +1 states P\ 92 .
are not affected. . COnCI usSIions
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correlations in positronium decay, which .l seg-dymfl-um?qgna“c the first experiment deollveregl satisfactory
can provide valuable insights into CP —1—-5\ adioactive ource (**Cu) and promising results, including a 51.1 keV
violation within the leptonic sector and il \ lastie S_Clnh”q,for peak in Thg e!‘ergy specTrum and a fime
deepen our understanding of the l Magnesium Oxide spectrum Indicating a .pos.5|bI.e dec;ay. The
fundamental interactions governing - - upcoming data analysis will pinpoint the
particle physics. and Combines with an electron frapped between the grains of magnesium most critical improvements for future

oxide. experimentarions.
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